The aim of the present longitudinal study was to investigate patterns of Salmonella shedding in finishing pigs. In each of 3 farrow-to-finish herds (A, B and C), one cohort of fattening pigs (n=102, n=120 and n=96, respectively) was selected. Individual blood and faecal samples were collected at different time points from the day before weaning until the day before slaughter. Blood samples were analysed in an indirect mix-ELISA to detect Salmonella antibodies. Faecal samples were submitted to a qualitative Salmonella isolation. Isolates were further characterised using RAPD and PFGE.
Introduction Salmonella is a major foodborne pathogen causing yearly more than 10,000 human illnesses in Belgium (NRSS, 2003) . Besides contaminated eggs and poultry meat, contaminated pork is a main cause of human infection. Intervention measures are needed throughout the pork production chain, starting at the herd level. To succeed in reducing the Salmonella prevalence in pig herds, knowledge about the dynamics of Salmonella infections is demanded.
Salmonella infections are known for their intermittently shedding patterns. After oral intake of the pathogen, invasion of the intestinal epithelium may occur followed by phagocytosis by macrophages. In these cells, the Salmonella spp. are able to survive and to multiply, resulting in persistent infections (Schwartz, 1999) . From these cells, Salmonella is shed continuously shortly after infection, and at irregular intervals during the following months.
Stress seems to be an important trigger for shedding of Salmonella (Berends et al., 1996) . During their lifetime, pigs are susceptible to stress at different occasions; such as weaning, moving to another unit, change of feed… To be able to implement intervention strategies, time points of higher risk of Salmonella shedding are needed to be elucidated.
The aim of the present study was to investigate the dynamics of Salmonella infections in subclinically infected farrow-to-finish pig herds. In addition, the effect of pen-level clustering was analysed.
Materials and Methods
Three sublcinically Salmonella infected farrow-to-finish pig herds were included. The presence of Salmonella was detected during preliminary sampling and analysis. In herd A, B and C, one cohort of 102, 120 and 96 piglets, respectively were randomly selected the day before weaning.
The sampling scheme is shown in Table 1 . Blood samples were taken by puncture of the jugular vein. Faecal samples were collected rectally and further processed individually. The blood samples were centrifuged and the serum was analysed in an indirect mix-ELISA following the recommendations of the manufacturer (HerdCheck Swine Salmonella Antibody Test Kit, Idexx Laboratories, Inc., Maine, USA). Samples were considered positive if the OD% was equal to or higher than 10%. Salmonella was isolated from faecal samples using a qualitative isolation method with pre-enrichment in buffered peptone water (BPW), enrichment on modified semisolid Rappaport-Vassiliasis (MSRV) agar plates followed by selective enrichment on xylose lysine desoxycholate (XLD) agar plates and biochemical confirmation. One colony of each Salmonella positive identified sample was stored at -20°C until further examination.
The proportions of Salmonella positive pigs and the proportions of seropositive pigs sampled at different time points were compared using Mc Nemar's test. The clustering effect was studied by a generalised mixed model with binomial error distribution and logit link (SAS 8.0). In these models, the number of animals infected during the study period in the group of animals at risk at the start (not infected) was modelled as a function of the number of infected animals at the start
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in the unit incorporating the unit as random effect. Results are expressed in terms of the odds ratio with the 95 % confidence interval, both for the nursing and the finishing period.
Results
In herd A, piglets started excreting Salmonella spp. at the end of the nursery period (11 weeks of age) ( Figure 1 ). After transport to the finishing unit, a significant increase (P<0.001) in the number of Salmonella positive pigs was observed, followed by a significant decrease (P=0.040). In herd B, the piglets shed Salmonella for the first time during the nursery period. The number of positive piglets decreased towards the end of the nursery period (P<0.001), followed by an increase after moving them to the growing unit (P=0.003). A significant increase in the number of Salmonella positive pigs in herd B was also seen after transfer to the finishing unit (P=0.013) (Figure 1) . In both herds A and B, the number of positive pigs decreased towards the end of the finishing period. All piglets in herd C were Salmonella negative at each sampling time throughout the study period until slaughter.
At 4 weeks of age, 36, 22 and 21 piglets were serologically positive for Salmonella in herds A, B and C, respectively (Figure 2) . These numbers decreased from 4 to 5 weeks of age (P=0.04) and from 5 to 8 (P<0.001) weeks of age (P=0.01) in herd A, from 4 to 5 and from 5 to 8 weeks of age in herd B (P>0.05) and from 4 to 5 (P>0.05) and from 5 to 11 weeks of age (P=0.02) in herd C (Figure 2 ). Significant increases in the proportion of Salmonella serologically positive pigs were seen between 11 and 14 weeks of age in herd A (P<0.001), between 8 and 16 weeks (P<0.001) and between 16 and 20 weeks of age (P=0.01) in herd B and between 20 and 24 weeks of age in herd C (P<0.001) ( Figure 2 ).
During the nursery period, piglets from pens with a larger number of Salmonella positive animals at the beginning of this period had a higher odds of being Salmonella positive during the nursery period (OR (95% C.I.) of 1.29 (1.05-1.57)) (P=0.01). No significant effects were observed during the finishing period, although the effect was in the same direction (OR (95% C.I.) = 1.14 (0.80-1.62)) (P>0.05).
Discussion Salmonella shedding could not be detected during the farrowing period but the piglets started shedding Salmonella after weaning in herd B and at the end of the nursery period in herd A. The Salmonella prevalences in nursing and nursery pigs might, however, be underestimated because in those piglets rectal swabs were taken, which have a lower sensitivity compared to faecal samples (Funk et al., 2000) . At weaning, piglets are stressed due to a change in feed, the effect of commingling, the deprivation of the sow's milk, and consequently they are more susceptible to infections (Kanitz et al., 2002) , including by Salmonella. These stress factors seem to be an important trigger for shedding of Salmonella. Similar results were obtained in other longitudinal studies (Funk et al., 2001; Kranker et al., 2003) .
Besides weaning, also transferring pigs, in many cases associated with commingling of the pigs, is known to be associated with stress (Roth, 1999) and to induce Salmonella shedding in infected animals. Animals are also more susceptible then to new Salmonella infections (Berends et al., 1996; Roth, 1999) . In the present study, an increase in the number of Salmonella positive pigs was observed one week after transferring the pigs to another housing facility. The few pigs that were positive before transfer probably infected their penmates by hori- (Nollet et al., 2004) the clustering based on Salmonella isolation in the mesenteric lymph nodes taken at slaughter could also not be demonstrated. This is in contradiction with other reports, that state that most Salmonella excreting pigs are located in the same pens (Davies et al., 1997; Beloeil et al., 2003) . The different results might be due to the fact that in the present study, contact between pigs from neighbourhood pens was possible in all 3 herds through slatted pen separations. Also indirect transmission by the farmer's boots can not be excluded.
In contrast with the bacteriological results, where the number of Salmonella positive pigs declined towards the end of the finishing period, the maximum number of seropositive pigs was observed during the last 3 months of the finishing period. In the 3 herds, maternal antibodies were detected until approximately 8-11 weeks of age. In a study by Proux et al. (2000) , it was demonstrated that maternal antibodies persist until 7 weeks of age. The difference between both results can be due to the use of different serological tests in the 2 studies. The increase in the number of seropositive pigs, as observed in herds A and B, was probably a reaction to the infection occurring after transfer of the pigs. Although no Salmonella shedding could be detected in herd C, seroconversion occurred 3 months after transferring the piglets. One can assume that the pigs were infected with Salmonella during the finishing period, but that excretion of Salmonella remained undetectable.
Conclusion
This study indicates that transferring pigs may be an important trigger for shedding and spreading of Salmonella within farrow-to-finish pig herds. The Salmonella reducing effect of intervention measures during transfer of pigs needs to be investigated in further research.
